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The  amount  of  energy  produced  (EP)  is  the  energetic  equivalent  of  the  forage 
biomass yield achieved from any type of association. Depending on the fertilization 
level applied, in the case of the 10 associations studied, the energy amount achieved 
in a 3-year period was 9181 KWh/ha, respectively 2.7 times bigger than the energy 
input (EI). The graminaceous and legume associations studied recorded a relatively 
low  average  capitalization  coefficient  of  the  energy  input  (0.37),  proving  the 
technological efficiency of these crops. 
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Introduction 
 
In the agricultural ecosystems, the objective of the crop technologies is not 
always represented by the introduction of super-dimensioned inputs to obtain, at 
any price, big yields, but on the contrary to achieve biologically-admitted products, 
under conditions of maximal efficiency. The durable agriculture system relies on 
the same idea, namely the agricultural technology produces quality food without 
altering the environmental conditions. This agricultural system is based more and 
more  on  the  method  of  ecosystem  modeling;  according  to  this,  plant  may  be 
considered  a  cybernetic  system  that  process  the  external  information  in 
concordance  with  its  genetic  code  and  achieves  a  „feed-back”-type  system  of 
relationships with the environment. 
The cybernetic plant personality is much influenced by the technological 
inputs applied, representing the amount of energy entered (beside the solar energy) 
that enhances the capacity of forming vegetal biomass. This yield characteristic 
requires the calculation of the energetic balances for each crop and agro-ecologic 
region,  by  making  the  capitalization  coefficients  of  the  energy  input  evident 
(CVEI).   289 
In the near future of the Romanian agriculture, which will implement more 
and more technologies specific to durable agriculture, the CVEI size will represent 
an assessment and optimization index for this cultivation system. 
 
Materials and Methods 
 
Researches  were  performed  during  2001-2003  at  the  Research-
Development Station for Pastures Timisoara, on a eumesobasic brown soil, with a 
5.7 pH, moderately provided with nutritive elements. 
In order to carry out the objectives proposed, we performed a bifactorial 
experience with the following experimental factors: A – Types of graminaceous 
and legume associations (10 associations), B – Organic-mineral fertilization (b1- 
N100P50K50, b2- N200P100K100, b3- P50K50 Manure 20 t/ha, b4- P50K50 Manure 40 t/ha). 
In the completion of the energetic balances of these technological variants, 
we turned all inputs contributing to the formation of forage biomass into energetic 
units:  the  preparation  of  the  germinative  bed,  seed,  fertilizers,  phyto-sanitary 
products, fuels, agricultural machine, etc. These changes into energetic equivalents 
were performed according to LEACH (1976) and MERCIE (1978), adapted to our 
experimental conditions. 
To  assess  the  efficiency  of  the  technologies  applied  from  an  energetic 
viewpoint, we calculated the capitalization coefficient of the energy output (CVEI), 
according to the report between the amount of energy input (EI) and the amount of 
energy output or produced (EP). The smaller, subunitary, this coefficient is, the 
higher the capitalization degree of the energy input (consumed) is. In the case of 
coefficients >1, the technological system applied consumes more energy than it 
produces and, consequently, it is not efficient. 
 
Results and Discussions 
 
The conventional agricultural system relies on a very high energy intake, 
considering the utilization of big amounts of chemical substances and especially 
the application of chemical fertilizers. In the case of this system, the percentage 
between the energy input (EI) and the energy output or produced (EP) is 1:2-5. The 
replacement  of  chemical  fertilizers  with  organic fertilizers leads to  a 2-3  time- 
decrease of the energy input and to a percentage of 1:3-7 between the energy input 
(consumed)  and  the  energy  produced.  This  type  of  report  is  specific  to  the 
unconventional  methods  of  plant  cultivation  within  the  durable  agricultural 
systems. 
Due  to  the  associations’  floristic  structure  and  to  the  crop  and 
capitalization technology, temporary pastures may be called „durable” crops that 
can take in a big amount of processed energy (including the one provided by sun 
through photosynthesis) and that they release through the forage biomass yield. 
According to the analysis of the average results achieved successive to our 
experiments, we may observe that, in the case of the crop technology specific to the   290 
graminaceous and legumes studied, relied on the application of chemical fertilizers, 
the amount of technological energy input or consumed (EI) is very big, ranging 
between 3005-5773 KWh/ha, depending on the NPK doses applied. If we apply the 
organic-mineral fertilization,  the energy  input  decreases  to  1681-2991  KWh/ha, 
namely a 1.5 time- decrease (table 8.4). We may remark that there is not a direct 
correlation  between the  amount  of  energy  intake  (input) and  the  herbage  yield 
achieved.  For  example:  in  the  case  of  the  association  1,  consisted  of  Dactylis 
glomerata + Medicago sativa, at the fertilization with P100K100N200 (with an energy 
input of 5747 KWh/ha), we achieve a yield of 44.0 t/ha herbage, and in the variant 
with organic-mineral fertilization, in a dose of P50K50 + Manure 40 t/ha, the yield is 
almost identical (43.6 t/ha), but the amount of energy consumed is almost 2 times 
smaller (respectively 2974 KWh/ha). This example may be continued for all 10 
types of associations studied, which prove that yield level is not enough to assess 
the  efficiency  of  crop  technology.  That  is  why  we  consider  that  the  energetic 
balance may represent a complex criterion of gradation for the technological levels, 
because all inputs and outputs in agriculture may be assimilated to energy amounts. 
The average yield, for the three years, of all 10 association types is 42.1 
t/ha herbage and the average intake of technological energy is 3349 KWh/ha. 
The amount of energy produced (EP) is the energetic equivalent of the 
forage  biomass  yield  achieved  by  each  association.  So,  depending  on  the 
fertilization level applied, in the case of the 10 associations studied, the energy 
amount  achieved  in  a  3-year  period  was  9181  KWh/ha,  respectively  2.7  times 
bigger than the energy input (EI). This quantity of energy shows that temporary 
pastures  may  be  considered  among  the  most  efficient  ones,  from  an  energetic 
viewpoint. 
There are big enough differences between the 10 association types in terms 
of energy output. So, the first position is occupied by the association 5, consisted of 
Dactylis glomerata + Festuca pratensis + Phleum pratense + Lotus corniculatus + 
Medicago sativa, with variation limits between 8750-10735 KWh/ha, and the last 
position is occupied by the association 10, consisted of Festuca pratensis + Phleum 
pratense + Lolium perene + Poa pratensis + Trifolium repens, with variation limits 
between 6262-7571. 
The complex associations, compared to the simple ones, have the tendency 
to produce bigger energy amounts, with a mean of 10-20%. 
But the fertilization method represents the most important technological 
factor  that  influences  the  quantity  of  energy  produced.  So,  depending  of  the 
association  type,  with  chemical  fertilization  (NPK)  we  may  achieve  an  energy 
amount (EP) between 6262-10626 KWh/ha, and with organic-mineral fertilization 
(PK-Manure) the energy amount produced ranges between 6960-10735 KWh/ha. 
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Table 1. 
Energetic balance and the capitalization coefficient of input energy 
(CVEI) in various association types (average 2001 - 2003) 
No.  Types of 
association  Fertilizers  Herbage yield 
t/ha 
Input energy 
(EI) 
Output energy 
(EP) 
CVEI 
(EI/EP) 
1  Dactylis 
glomerata 
Medicago sativa 
P50K50N100  35,1  3013  7659  0,39 
P100K100N200  44,0  5747  9601  0,60 
P50K50 manure 20 t/ha  37,9  1707  8270  0,21 
P50K50 manure 40 t/ha  43,6  2974  9513  0,31 
2  Dactylis 
glomerata  
Phleum pratense  
Medicago sativa  
P50K50N100  37,3  3013  8139  0,37 
P100K100N200  44,7  5747  9753  0,59 
P50K50 manure 20 t/ha  40,1  1707  8750  0,20 
P50K50 manure 40 t/ha  45,4  2974  9906  0,30 
3  Dactylis 
glomerata  
Phleum pratense  
Trifolium 
pratense  
P50K50N100  44,8  3029  9775  0,31 
P100K100N200  47,5  5764  10364  0,56 
P50K50 manure 20 t/ha  42,7  1724  10299  0,17 
P50K50 manure 40 t/ha  48,2  2991  10517  0,28 
4  Dactylis 
glomerata  
Festuca pratensis  
Lotus corniculatus  
P50K50N100  43,6  2986  9513  0,31 
P100K100N200  48,0  5722  10474  0,55 
P50K50 manure 20 t/ha  43,3  1681  9448  0,18 
P50K50 manure 40 t/ha  45,9  2747  10015  0,27 
5  Dactylis 
glomerata 
Festuca pratensis 
Phleum pratense 
Lotus corniculatus 
Medicago sativa 
P50K50N100  40,1  3029  8750  0,35 
P100K100N200  48,5  5764  10583  0,54 
P50K50 manure 20 t/ha  43,8  1724  9557  0,45 
P50K50 manure 40 t/ha  49,2  2991  10735  0,75 
6  Dactylis 
glomerata 
Festuca pratensis 
Phleum pratense 
Poa pratensis 
Lotus corniculatus 
P50K50N100  41,3  3022  9012  0,34 
P100K100N200  48,7  5757  10626  0,54 
P50K50 manure 20 t/ha  42,6  1717  9295  0,18 
P50K50 manure 40 t/ha  45,8  2782  9994  0,28 
7  Dactylis 
glomerata 
Festuca pratensis 
Phleum pratense  
Lotus corniculatus 
Medicago sativa  
P50K50N100  40,9  3023  8924  0,34 
P100K100N200  45,3  5757  9884  0,58 
P50K50 manure 20 t/ha  43,6  1717  9513  0,18 
P50K50 manure 40 t/ha  46,6  2782  10168  0,27 
8  Dactylis 
glomerata 
Festuca pratensis 
Phleum pratense 
Lolium perene 
Poa pratensis 
Trifolium repens 
P50K50N100  32,3  3014  7048  0,43 
P100K100N200  35,6  5749  7768  0,74 
P50K50 manure 20 t/ha  39,5  1709  8619  0,20 
P50K50 manure 40 t/ha  41,7  2774  9099  0,30 
9  Festuca 
arundinacea 
Trifolium repens 
P50K50N100  38,1  3005  8313  0,36 
P100K100N200  48,0  5740  10474  0,55 
P50K50 manure 20 t/ha  44,0  1700  9601  0,18 
P50K50 manure 40 t/ha  48,1  2765  10495  0,26 
10  Festuca pratensis 
Phleum pratense 
Lolium perene 
Poa pratensis 
Trifolium repens 
P50K50N100  28,7  3038  6262  0,49 
P100K100N200  34,3  5773  7484  0,77 
P50K50 manure 20 t/ha  31,9  1733  6960  0,25 
P50K50 manure 40 t/ha  34,7  2798  7571  0,37 
Mean  X  42  3349  9181  0,37 
 
The  capitalization  coefficient  of  the  energy  input  (CVEI)  represents  a 
synthetic assessment index of the plant crop technologies. The smaller, subunitary, 
it is, the more efficient the technological variant is. From this viewpoint, we may   292 
consider that the associations of perennial graminaceous and legumes have low 
CVEI coefficients, respectively below 1.00. 
The biggest values of the capitalization coefficients were achieved in the 
chemically-fertilized variants (NPK), with variation limits between 0.31-0.77. In 
the case of the organic-mineral fertilization, CVEI values were between 0.18-0.37. 
On the average, the associations of perennial graminaceous and legumes 
studied  recorded  a  quite  low  input  capitalization  coefficient,  respectively  0.37, 
proving these crops’ technological efficiency. 
 
Conclusions 
 
According to the analysis of the average results achieved successive to our 
experiments, we may observe that, in the case of the crop technology specific to the 
graminaceous and legumes studied, relied on the application of chemical fertilizers, 
the amount of technological energy input or consumed (EI) is very big, ranging 
between 3005-5773 KWh/ha, depending on the NPK doses applied. If we apply the 
organic-mineral fertilization,  the energy  input  decreases  to  1681-2991  KWh/ha, 
namely a 1.5 time- decrease. 
The biggest values of the capitalization coefficients were achieved in the 
chemically-fertilized variants (NPK), with variation limits between 0.31-0.77. In 
the case of the organic-mineral fertilization, CVEI values were between 0.18-0.37. 
On the average, the associations of perennial graminaceous and legumes 
studied  recorded  a  quite  low  input  capitalization  coefficient,  respectively  0.37, 
proving these crops’ technological efficiency. 
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